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Abstract— We present data on the vulnerability of a variety of
candidate spacecraft electronics to proton and heavy ion induced
single event effects. Devices tested include digital, analog, linear
bipolar, and hybrid devices, among others.

Keywords-component; SEE, add others

L INTRODUCTION

As spacecraft designers use increasing numbers of
commercial and emerging technology devices to meet stringent
performance, as well as economic and schedule requirements,
ground-based testing of such devices for susceptibility to single
event effects (SEE) has assumed ever greater importance. The
studies discussed here were undertaken to establish the
sensitivities of candidate spacecraft electronics to heavy ion
and proton-induced single event upsets (SEU), single event
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latchup (SEL), and single event transient (SET). Note: For
proton displacement damage (DD) and total ionizing dose
(TID) results please see the companion poster W-5 entitled
"Current Total Ionizing Dose and Displacement Damage
Results for Candidate Spacecraft Electronics for NASA" by
Donna Cochran, et al. that is also being presented at the IEEE
Nuclear and Space Radiation Effects Conference (NSREC)
Data Workshop [1].

II. TEST TECHNIQUES AND SETUP

A. Test Facilities

All SEE tests were performed between February 2003 and
February 2004. Heavy ion experiments were conducted at the
Texas A&M University (TAMU) Cyclotron [2] and Single-
event effects facility (SEETF) at the National Superconducting
Cyclotron Laboratory (NSCL) at Michigan State University
(MSU)[3]. The SEUTF uses a twin Tandem Van de Graaff
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accelerator while the TAMU facility uses an 88" cyclotron. The
NSCL uses tandem K500 and K1200 cyclotrons to deliver on

target ions with energies up to 125 MeV/n. Both facilities

provide a variety of ions over a range of energies for testing. At
both facilities, test boards containing the device under test
(DUT) were mounted in the test area. For heavy ions, the DUT
was irradiated with ions with linear energy transfers (LETs)

ing from 0.59 to 174 MeVecm’/mg. Fluxes ranged from
7.7x10' to 2.5x10° particles/cm’ per second, depending on the
device sensitivity. Representative ions used are listed in Table
1. LETs between the values listed were obtained by changing
the angle of incidence of the ion beam on the DUT, thus
changing the path length of the ion through the DUT and the
“effective LET" of the ion. Energies and LETs available varied
slightly from one test date to another.

Proton SEE tests were performed at two facilities: the
University of California at Davis (UCD) Crocker Nuclear
Laboratory (CNL) [4], and the Indiana University Cyclotron
Facility (IUCF) [5]. Proton test energies incident on the DUT
are listed in Table II. Proton SEE tests were performed in a
manner similar to heavy ion exposures. However, because
protons cause SEE via indirect ionization of recoil particles,
results are parameterized in terms of proton energy rather than
LET. Proton tests also feature higher cummlative fluence and
particle flux rates than do heavy-ion experiments.

Laser SEE tests were performed at the pulsed laser facility
at the Naval Research Laboratory (NRL) {6] [7]. The laser light
had a wavelength of 590 nm resulting in a skin depth (depth at
which the light intensity decreased to 1/e - or about 37% - of its
intensity at the surface) of 2 mm. A pulse rate of 100 Hz was
chosen.

TABLE L HEAVY ION TEST FACILITIES AND TEST HEAVY IO_NS

lon Energy, | LETInSi, Ih%m
MeV  |MeVecm?/mg| Rangein

Si, ym

Ne® 264-285 | 2.5-2.81 262-331

TAMU A 496-561 | 8.058.9 174-224
cu® 750 19.95 120

K™ 912-953 | 28-29.3 116-122

Ag'” 1200 42.85 100

Xe'® | 12011722 |  49.3-54 102-127

Au' 2955 80.2 155

*Ne® 545 17 799

*Ar® 991 5.4 493

“Kr® 2081 19.3 332

“Xe'® 3197 37.9 286

* 25 MeV per nucleon tune

Ar® 5148 15 8860

msu | K 9438 6.8 4440
Xe'% 17816 141 3070

Bi®™® 15048 42 1100

TABLE H. PROTON TEST FACILITIES AND PARTICLES

Facility Particle Em‘(’.':ev)

Proton 26.6-63

University of California at Davis (UCD)
Crocker Nuclear Laboratory (CNL)

Indiana University Cyclotron Facility (IUCF)] Proton 54-197

TABLE IIL OTHER TEST FACILITIES

Naval Research Laboratory (NRL) Pulsed Laser SEE Test Facility
Laser: 590 nm, 1 ps pulse width, beam spot size ~1.2 pm

B. Test Method

Unless otherwise noted, all tests were performed at room
temperature and with nominal power supply voltages.

1) SEE Testing - Heavy Ion

Depending on the DUT and the test objectives, one or more
of three SEE test methods were used:

Dynamic — the DUT was exercised continually while being
exposed to the beam. The errors were counted, generally by
comparing DUT output to an unirradiated reference device or
other expected output. In some cases, the effects of clock
speed or device modes were investigated. Results of such tests
should be applied with caution because device modes and
clock speed can affect SEE results.

Static — the DUT was loaded prior to irradiaﬁon; data were
retrieved and errors were counted after irradiation.

Biased (SEL only) — the DUT was biased and clocked while
Icc (power consumption) was monitored for SEL or other
destructive effects. In some SEL tests, functionality was also
monitored.

In SEE experiments, DUTs were monitored for soft errors,
such as SEUs and for hard errors, such as SEL. Detailed
descriptions of the types of errors observed are noted in the
individual test results.

SET testing was performed using a high-speed oscilloscope.
Individual criteria for SETs are specific to the device being
tested. Please see the individual test reports for details. [9]

Heavy ion SEE sensitivity experiments include
measurement of the saturation cross sections and the Linear
Energy Transfer (LETth) threshold (the maximum LET value
at which no effect was observed at an effect fluence of
1x107 particles/cm?).

2) SEE Testing - Proton

Proton SEE tests were performed in a manner similar to
heavy ion exposures in many regards. Differences include
measuring the SEE cross section as a function of proton energy
as opposed to LET, as well as differences in cumulative fluence
and particle flux rates.
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3) Pulsed Laser Facility Testing

The DUT was mounted on an X-Y-Z stage in front of a
100x lens that produced a spot size of about 1.2 um FWHM.
The X-Y-Z stage could be moved in steps of 0.1 pm for
accurate positioning of SEU sensitive regions in front of the
focused beam. An illuminator together with a CCD camera and
monitor were used to image the area of interest, thereby
facilitating accurate positioning of the device in the beam. The
pulse enmergy was varied in a confinuous manner using a
polarizer/half-waveplate combination and the energy was
monitored by splitting off a portion of the beam and directing it
at a calibrated energy meter.

4) Charge Collection Testing

A four probe Ion Beam Induced Charge Collection (IBICC)
measurement was used to simultaneously measure the charge
presented on the collector, emitter, base, and substrate terminal
due to a series of ion strikes occurring in and around the
transistor's area.

. TEeSTRESULTS OVERVIEW

Abbreviations and conventions are listed in Table IV.
Abbreviations for principal investigators (Pls) are listed in
Table V. SEE test result categories are summarized in Table VI
and SEE results are summarized in Table VII. Unless otherwise
noted, all LETs are in MeVecm’/mg and all cross sections are
in cm?/device. This paper is a summary of results. Complete
test reports are available online at hitp://radhome.gsfc.nasa.gov
[8]-

TABLE IV. ABBREVIATIONS AND CONVENTIONS

TABLE V. LIST OF PRINCIPAL INVESTIGATORS
Abbreviation | Principal Investigator (PI)

SB Steve Buchner

JH Jim Howard

SK Scott Kniffin

RL Ray Ladbury

PM Paul Marshall

TO Tim Oldham

RR Robert Reed

TS Anthony (Tony) Sanders

TABLEVL  LIST OF CATEGORIES

Following ground SEE irradiation, devices generally are
categorized into “useability” categories for spacecraft interest.
Recommendations for SEE are color coded according to the
following key:

Category 1: Recommended for usage in all NASA/GSFC
spaceflight applications

Category 2: Recommended for usage in NASA/GSFC spaceflight
applications, but may require mitigation techniques

Category 3: Recommended for usage in some NASA/GSFC spaceflight
applications, but requires extensive mitigation techniques or
hard failure recovery mode

Category 4: Not recommended for usage in any NASA/GSFC
spacefiight applications

RTV: Research Test Vehicle - Please contact the P.l. before
utilizing this device for spaceflight applications

H = heavy ion test

P = proton test (SEE)

L =laser test

CC = Charge Collection

< = SEE observed at lowest tested LET

> = No SEE observed at highest tested LET

G = cross section (cm%/device, unless
specified as cm2/bit)

ADC = Analog to Digital Converter

ASIC = Application Specific Integrated
Circuit

BERT = Bit Error Rate Tester

CMOS = Complementary Metal Oxide

LET = linear energy transfer
{MeVecm?2/mg)

LETth = linear energy transfer threshold
(the maximum LET value at
which no effect was observed at
an effective fluence of 1x107
particles/cmz)

SEE = single event effects

SEU = single event upset

SEL = single event latchup

SET = single event transient

SEF! = single event functional interrupt

SEB = single event burmout

SEGR = single event gate rupture

BER = Bit Error Rate

Gsat = saturation cross section at LETyax
-(cm?/device, unless specified as
cm2/bit)

LDC = Lot Date Code

DAC = Digital to Analog Converter

DUT = Device Under Test

N/A = Not Applicable

Cat. = Category

P.1. = Principal Investigator

Samp. = Sample

Hi = Heavy lon

P = Proton

N/A = Not Applicable

Cat. = Category

Semiconductor
DAC = Digital to Analog Converter
FPGA = Field Programmable Gate Array
HBT = Heterojunction Bipolar Transistor
NV = Non-Volatile
NVM = Non-Volatile Memory
OPTO = Optocoupler
PWM = Pulse Width Modulator
RHrFPGA = Radiation Hardened Re-
programmable Field-
programmable Gate Array
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TABLE VI.  SUMMARY OF SEE TEST RESULTS
- Partice: Test Results
Part Device P R SEE | Supply |Samp.
Manufacturer LoC . Process {Facility, Date) LET in MeVecm2/mg " Test Report
Number Function Pl < in cm2/device, uniess otherwise specified Cat | Volage | Size
Logic Devices
SELLET, >53.1;
54AHCT32 Texas nstrument| 0251 | OR Gate oMOS [ HE (TAMUIMH | SET (ETT 2501 1| sssv | 2 | Tosesos_ssamcraz
Q Bus N
54BCT125 Texas nstument | 0251 | BuflerGate, | BicMos |Hi:ramuygn | SELLET, >S3% 2 | smsv | 2 | Toazso3_s4BCTIZS
3 siate output SET LET), ~8; 6gyy ~1.1 x 10
16-Bit ) ] SEL LETy, > 76.2; T061803_
SNSALVT162244A |Texasinstrument | 0301 [ 1SR 1 BioMOS [HiTAMUH | Sev (FT0 18; 0n, - 1x 10 2| sav 2 | Seavriezosa
Octal Line . SEL LET,, >53.1; T032803_
SNS4BCT244W  |Texas inswument | 0252 | DOt CMOS | HL(TAMUIM | ST T o o, -2x10 2 | smsv | 2 | PN W
16-Bit ] ] SEL LET, >53.1; Toazeo3_
SNJSAABT16244WD | Texss istrumend [ 0230 | 150 BIOMOS |H:(TAMUM | ST 161" 2egq 1] smsv | 3 | DR ersewD
ol _ SELLET, > 762; T061303_
SNOALVT162458  [Texas instrument | 0002 | O BICMOS | Hi (TAMU)H | Sor (T 26, sy - 7x 103 2| s3av 2 | cevrieass
Quadruple Bus SELLET. »53.1:
) ! : T032803_
SNG4BCT126A  ]Texas instument| 0144 gmsarem BOMOS |HE(TAMUH | ST (ET7 28 o - 25X 104 2 | smsv | 2 | QR A
) ] i SELLET, > 762 Y061803_
SNB4BCT244 Texas nstument | 0144 | BuflerDriver | BICMOS |HL(TAMUIH | ST IETY Jg; 0y, - 42X 104 3 sv 2 | Seanoroas
Octal Bus
. ) ] SEL LET, > 53.1; T032803_
SNE64BCT245 Texas instnment 0240 ';m BICMOS | Hi: (TAMU) JH SETLET: <20; ogyy ~ 25X 10% 2 555V 2 SNG4BCT245
Octal ] ] SELLET, > 53.1; T032803_
SN74LVT244B Texas instument | 0248 | 0% Bpolr |HETAMUIM | ST (e7” 26 op, -7 x 105 2 | ssmev | 2 |2 &
Octal Bus . R SEL LET, »53.1; ' T032803_
SN74LVCC3245  |Texas instrument | 0236 | Do B BIOMOS | HE(TAMUM | SeTe1" 5 5.1 1| asmev | 1 | O s
Octal ] SEL LET, > 53.1; 7032803 _
IDT74LVC2244A | Texas instument | 0025 | o0 OMOS | HETAMUIH | srT E17 S 51 1| asmev | 3 | e A
Memory Devices
No LDC P: (U) SK 1U: SET opeax 2.1x10°" (o varies with angle)
Hx6228 Honeywel (Test Chipy | 128KX8SRAM} - 8OU g c) sk UCD: SET tgas 2.1x107 o varies with angle) | 2 i 2 | Do31504 RS422
. SEL LET,, >116; SEL oyax >2x10%;
CRAMtestchip | BAE Systems/ (r';"gcm Chalogernide | cMOS |HE(TAMU)TO | SET LET,, >116(static); <55 (dynamic); 2| aav 2 | To91603_CRAM
Ovonyx ; SET ¢ - 2x105@ LET=89
] NoLDC |512kx8 ) SEL LET,, >53;
Floating Gate Motorola ooy | N cmos [wTAMUTO  [SELTEIRTER 10t @ LET=sa 2 | ssav | 1 | Toe2204_Motorola
SEL LET,, >53;
) NoLDC |512kxB cMOS n>53
SiNano NVMs Motorola ° H: (TAMU)TO | SEULET,, <8.7; 2 | asmav | s | 1022204 Motorola
(Test Chip) | NV Memory  [nano-crystal SEU o >2x10° @ LET=53
] SEU o = 1.25x102 @ LET=6.3; rel: Late news MSU
MB55656 Matra 9535 |3zkxBSRAM | CMOS |Hii(MSU)RURR [omi o= 1ot B ol 2 sV 1 | b oy rhaRL
. SEU o= 1.0x10° @ LET=6.3; ref: Late news MSU
IDT71256 T NA  |256kMemory | CMOS fHimsuyRURR [SEOT FDNE. B LR 2 5V 1 | oo oy FRARL
ASIC Devices
TI6T-GAFE7 Agilent NovO3 | ASIC cmos |Hr(ramu)sk | Z7SEY LETeB3, SEU osar —4x10%; 3 sV 2 | T111103_GLAST
*
TIST-GAFESG  |Agilent Sep03 | ASIC CMOS | HETAMUYSK - |27 <SEU LETo<B3, SEU ogur ~4x10%; 3 sV 2 | T111103_GLAST
SEL LET,, >515
2. 7<SET/SEFI LET 583,
TI6T-GARC3 Agilent Nov03 | Asic cMOS | H: (TAMUYSK | SET/SEF ogay ~1x10% 3 sv 2 | T111103 GLAsST
SEL LET,, 515
Mixed Signal or Linear Devices
] ) SEU LET,, 17, SEU ogar ~2.8x105;
MAX145 Maxim o310 Janc omos [H:ramuisk | SR e i S e a | 2w 3 | T111103_GLAST
) - ] ! SEL LETy, >106.3;
MAX494 Maxim Quad Op Amp | Bipolar | HE(TAMU)SK | S | Er" T’y g 10 3| 2sv 2 | TosoB03_MAXA94
i i SEU LET,, ~18, SEU ogay ~Bx104; T111103_GLAST;
MAX5121 Maxim o |pac cMos furmampysk | SED LR 10 S sear BT 3 | amv 3 | Too¢or GLAST
SEL LETg>8.7:
M.S. Kennedy Voltage . . SET: oscillation mode immediately upon
MSK5275 iy wiz |poege Hybrid | HI: (TAMU) 1 S aore: power cyci roquroy 3 sv 2 | Tos1803_MsKs275
o recover normal operations
National Voltage ) i SEL LETy >76.2;
LM117 iy ooz | Bipolar |HE(TAMUH [ Ger (o7 6 ol 1y 102 3 | -sv 3 | Tos1803_tm117
SEL LET, >76.2;
Puise Width SET LET,, -1 (-0 (dropou)];
UCC1806 Unitrode 0302 | Modulator Bipolar | H: TAMUJH | ogay 1.0 X 10° 1.7 x 16+ (dropout)}; 4 12v 3 | Tos1703_ucc1806
Controfler typical dropout duration is on the
order of a few milliseconds
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TABLE VII. SUMMARY OF SEE TEST RESULTS (CONT.)
N Particle: Test Results
Part Device " . SEE | Supply }Samp.
Manufacturer LDC - Process (Facility, Date) LET in MeVeom2/mg " Test Report
Number Fimction Pl O in cm/device, uniess otherwise specified | Ot | Voltage | Size
DC-DC Converters and Related Devices
SEL LET,, >53.1;
rooors | pomc SET LET,, -28.8; SET o jvaries with
DVFL286R7S-R vPT Fooos | Converter Hybrid | HI: (TAMU) SB/JH | input voltage and output load conditions}; 3 28V 2 | To32703_DV
worst case condition 28V input
90% load 7x10°S
Fooo2s jOoC/DC . A SEL LET,, >53.1;
DVTR2815D-R vPT Fooot | C . Hybrid | HI: (TAMU) SBIH | ot LET, -28.8, SET 6 < 1x107 2 28V 2 | To32703_DV
. Markings: | DC/DC boost ) SET and SEL LET,, > 76.2;
MAX1523 Maxim AROY CYR| Controtier CMOS | HE(TAMUISK | oo o o e 1070 LET=76.2 1 sv 2 | TO61703_GLAST
MAX1809 Maxim vaon | PGDC cMOS |Hi:(TaMU)SK | SET LET,, <2.78; SET agyy ~ 5.9x10% 3 sv 2 | 1061703 GLAST
MAX1847 Maxim 0313 {poOCConverter] CMOS | HI(TAMU)SK | 53.9<SELLET,<76.2 4 sV 2 | TOB1703_GLAST
. DCAOC ’ 2.8<SET LET,<4.0,
MAX1951 Maxim L= oot CMOS | Hi:(TAMU)SK o™ = o 4 5V 2 | TO61703_GLAST
. 2077} | . SEL and SET LET,, >76.2;
MAX724 Maxim 0248 | Bipolar | HETAMU)SK | oerher) " 100 1 sv 4 | TOB1703_GLAST
] DC/DC ] ] SEL and SET LETy, >76.2; T111103_GLAST;
MAX726 Maxim 0313 | pocutator Bipolar | HI: (TAMU) 8K SET and SEL o <1 x 102 1 sv 3 | 061703 GLAST
SEGR LET,, > 53.9, SET LET,, < 20; .
intemational DC/DC . ) SET ogar ~2.7x10°%; TQ22304_MAX724_
AFL2803R3S Redtif 0351 | o Hybrid | HE(TAMU)SK  foc S8 e, a7 3 jameaeevi 2 | ool
SEU ogar ~1.9x10°
SiGe Devices
SiGe . SEU sensiive depending on operational
SAM [Test Sample] |1BM NA | SsTe SAM | Hi: (TAMU) PM/RL ftions; See Marshall ns04] RTV NA 2 | nsrecD4_marshali
SiGe . SEU sensitive depending on operational
JAZZ 1BM Na JAZZ | Hi: (TAMU) PWAL qions: See Marshall ms04] RTV N/A 2 | nsrecO4_marshalt
SiGe 127 . SEU sensitive depending on operational
7HP [Test Sample] | 1BM NA | sR 7HP | HE: (TAMU) PMRL Stions; See [Marshall_ 1ns04] RTV NA 2 | nsrech4_marshall
¢ ication Devi
- NA | RSa22 P (IU) SK 1U: SET 0 < 2.8x10°*3 (198 MeV)
PES26C31 Perigrine (Test Chip)| Driver 508 |p.ucp)skPm | UDC: SET o < 1x10-3(63 MeV) ! sv 2 | Do31504 Rsa22
. NA RS422 P (lU) 5K 1U: SET o < 2.9x10°13 (188 MeV)
PES26C%2 Peragrine (Test Crip) | Receiver SOS | pi(UCD) SKPM | UCD: SET o < 1x1073(63 MeV) TSV ] 2 | DoSI504 RSz
Hi: SEL LET,, >79; SEFI LET,, -29;
SEU LET,, ~12; SEU og,p ~5x10°% NRL_112103_
HE: (TAMU) SB; SEFl 0y ~1.3x 104 TSSO01E;
TSSo01E ATMEL 0013 [ 1355Pmlocol | CMOS |\, ovmi)SB SEF! required softward reboot 2 v 1 | 1031604 TSSO0IE;
Laser: Three failure modes observed: T090203_TSS901E
miscompares, link errors, and system crashes.
SETo = 2x10"2 and 1x107! (74 MeV) "
UT54LVDS217 .- . 8x1072 and 3x10°"" (198 MeV) y 02903 _
Aetoflex 0312 | Serializer CMOS | P: () SB BER = 24102 and 1x10%' (74 MeV) 3 33v 2 | ursaLvDs217
1.02x102! and 2.73x10°2" (198 MeV)
SEU LET, <2: g, 4x10°* (bit errors),
5x102 (smail burst errors),
S2064 AMCC 0303 | Transceiver CMOS | Hi: (TAMU) JH 4x10 (large burst efrors); 3 3a3v 2 | T083103_S2064
SEL LETy, >28.5; No destructive events to 53.1;
low LET,, impiies a proton sensitivity
Miscellaneous Devices
! Hi: SEU LET, >174; J090203 RHIFPGA_
RHIFPGA Honeywell wis | Frea o o fl';m”’ i SEU o <ix107 @ LET 174 1 av 2 m‘m
- (V) TS . o !
P: SEU o <2.9x10°* (198 M&V) Honeywoll
Solid-State 5 . SEL LET, >76.2;
cD21CD Teledyne 0312 | ooy oproy | Fopd | HE (TAMU) 3H SET LET, 5762 1 9.5v 1 | T051803_CD21CD
OMR9701 Recti: 0313 | peay(opTO) [ MWD | HE (TAMU)SB SEE LET,, >29.3 2 LY 1 | T061303_OMR9701
NPN Silicon T032803
JANS2N2222A Microsemi 0137 | Switching Bipolar | HI: (TAMU) JH SET LET,, >53.1 1 20V 2 | JANSoNZ2oA
. Transistor
Microshutter | SEL LET,, > 55.3;
HV583 SuperTex N/A Controlier Array (MSA HL: (TAMU) SB SEU LET, < 89 2 530V 2 T022404_HV583
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TABLE VIII. SUMMARY OF SEL TEST RESULTS

) Partice: Test Resulis
Part Device b . SEE Supply |Samp.
Manufacturer LDC - Process (Facility, Date) LET in MeVecm?¥mg . Test Repost
Number Function PL © in cme/device, Uniess otherwise specified | C3- | Voltage | Sze
Math . 14.9 < SEL LET, <28;
80387 It 0009 | o eisor | CMOS [ HmaMUTS [ 49 <0R0 (S 3 5v 2 | Toze03_soser
- SEL LET, -8; +5V digal
XA-16 AMS Fight Lot | ASIC oMos | HETAMUH | oo Z3 o' e 23 4 | Tos1e03_xat6
TCS5257 Toshiba 0030 |3xx8smam | cmos |w:amuise | sELLET, 123 1 5v 2 | Toazeos TCss257
] i SEL LET,, >51.5;
TI6T-GTFE Agilent wa | asic cmos [wraamuysk | SELLETeSIE 2 5v 2 | Tozza04_ciast
i SELLET, >51.5,
T36T-GTRC Agilent NA | Asic omos |heamuysk | SELLETe SIS 2 sv 2 | T022404_GLAST
AD7675 Analog Devices n’;‘g‘;) ADC CMOS | HI: (FAMU) RUTS | SEL LET,, <856 a sv 2 | T111603_aAD7675
ADSB323 Texas Instument n’f&‘g’cﬂ ADC CMOS | Hi: (TAMU) RUTS | SEL LET,, -17.2 4 v 2 | T111603_ADSB323

IV. FEATURED TEST RESULTS AND DICUSSION

As in our past workshop compendia of GSFC test results,
each DUT has a detailed test report available online at
http://radhome.gsfc.nasa.gov [8] describing in further detail test
method, SEE conditions/parameters, test results, and graphs of
data. This section contains a summary of testing performed on
a selection of featured parts.

A.  Si-Nanocrylstal NVMs

Shown in Figure 1 are the bit errors m a 4M nanocrystal
nonvolatile memory for exposures of 1x10’ particles/cm’. The
memories were produced by Freescale (Motorola), as part of
their 90 nm technology development. Both static and dynamic
(10kHz) read testing were performed, but all the errors
appeared to be static errors, corresponding to electrons lost off
the nanocrystal storage element. No emors were observed
which could be attributed to the control circuits. These
memories are normally programmed by channel hot electron
injection and erased by Fowler-Nordheim tunneling, much like
floating gate nonvolatile memories. Further testing of the write
and erase modes is planned. [T022204_Motorola]

B. AMCC 52064

: The AMCC S2064 1.3 GHz Quad Serial Transceiver was
monitored for latchup induced high power supply currents and
data disruptions and errors by exposing it to a number of heavy
ion beams at the Texas A&M University Cyclotron Single
Event Effects Test Facility.

Difficulties were encountered during the de-lidded process.
The DUT die was encapsulate in two plastics, an outer plastic
covers the inner plastic and the top arc of the bond wires. This
outer plastic was etched by fuming nitric acid. The inner plastic
was insensitive to this acid and needed to be removed by an
application of sulfuric acid. During the first effort to de-lid the
devices where complete exposure of the die was the goal, the
de-lidding process appeared to proceed normally. Imitial
inspection of the uncovered die appeared normal. However,
when the de-lidded devices were taken to the facility, all the
bond wires had lifted from the die surface, yielding non-
functional devices. The second de-lidding process was to
remove as much of the second encapsulant without exposing
the bond wires. As this was a very sensitive process, the two

devices that were successfully de-lidded had slightly different
overlayer thicknesses (12 and 7 mils, for DUTs 1 and 2
respectively).

The test configuration utilized a 3.6 GHz Bit Error Rate
Tester (BERT) with generator and detector/analyzer. The DUT
was mounted on a commercial board specifically designed for
radiation testing of this part. The test setup was wired for either
one pass through the DUT or four passes. For further details on
the test set-up see the test report “Single Event Effects (SEE)
Testing of the AMCC S2064 13 GHz Quad Serial
Transceiver”. [ref: T083103_S2064]

The Xenon particles did not have sufficient range to
penetrate into the sensitive regions after passing through the
inner encapsulant layer. Therefore, the Xenon beam could not
give a sufficient test for latchup. The highest LET beam
available with sufficient penetration range was Krypton, but
only for DUT 2 with thc 7 mil overlayer. After being exposed
to 1 x 10" Kr jons/cm’, no latchup events were observed on the
7 mil DUT, therefore the latchup threshold for the S2064
devices is greater than 28.5 MeVecm®’/mg. :

The simplest method for processing the data is to determine
the total number of errors produced in a given run and
determine the upset cross-section from the total ion fluence for
that run. However, if any events occurred that produced more
than one error for a given ion, then this method would
misrepresent the upset rate. These multiple bit events, or burst
errors were seen during testing of the AMCC S2064. To
account for burst errors, a definition of when a burst error starts
and stops was defined. We defined this condition to be two
control characters (20 bits) being passed correctly. That is, if a
second bit error is encountered before 20 bits have transferred
correctly, then a burst error has occurred. The burst length
(how long the burst error condition lasts in bits, erroneous and
valid bits combined) is defined by the start bit as above and the
bit that starts 20 correct bits (i.e., two correct control characters
were passed). Post-processing the data in this fashion yields
single bit errors and burst emrors (each burst error has an
associated burst length).

A histogram of the burst length was viewed on the BERT
and there was a double peak structure noted. Burst lengths
ranged from 2 bits up to about 600 — 700 bits, then there were
no burst lengths until greater than 6000 bits. It was determined
that this second peak in the histogram was from burst events

Presented by Martha O’Bryan at NSREC04 Data Workshop,
Atlanta, GA, July 22, 2004 Page 6 of 8



that were lasting so long that the BERT initiated a RESYNC
event and recovered normal operation after the RESYNC. Ali
burst events that lasted less than 700 bits returned to normal
operation without any intervention by the BERT system
Therefore, the burst errors in this analysis were split into two
categories — ones that recovered with no intervention and ones
that required intervention to resume normal operations. These
are referred to as small and large burst events, respectively.

Figure 2 shows the cross-section versus LET curve for the
single bit errors. There are three results of interest for the single
bit error case. First the single bit error upset mode was more
than an order of magnitude lower in cross-section than for burst
errors. Second, there is little difference between the one-pass
and four-pass cases. This implies, at least for the statistic levels
of these observations, that the single bit errors are not produced
in the data transmitting/receiving stages that are quadrupled in
the four-pass case. Third, the errors were produced by all ion
beams used, even the Neon beam. This means the LETth to
produce single bit errors is >2 MeVecm’/mg, implying that
protons are likely to produce these evemts (via spallation
reactions and possibly via direct ionization). No proton testing
was done to investigate this possibility but is highly
recommended.

Figure 3 and Figure 4 show the cross-section for small and
large burst errors as a function of the LET. Comparing the
saturation cross-section levels of these curves with that for the
bit errors, the more than an order of magnitude difference is
easily seen. The small burst error events are the most likely
events, followed by the large burst errors, and finally by the
single bit errors.

Unlike the single bit error case, the burst errors do seem to
be sensitive to the number of passes through the DUT. While
the exact factor of four is not seen, Figure 3 and Figure 4 do
show that the four-pass case is significantly larger than the
single-pass case. This implies that the data
transmission/receiving section of the device is the main area
sensitive to producing burst-type errors.

In summary, all three types of errors observed were seen at
the lowest test LET (2 MeV+cm’/mg), yielding threshold LETs
of less than two. Saturauon cross-sections for the three error
modes were 4 X 10'5 cm’ (bit errors), 5 x 102 cm’ (small burst
errors), 4 x 10 cm” (large burst errors).

The AMCC S2064 1.3 GHz Quad Serial Transceivers are
considered category 3 devices. While no destructive events
were observed to the highest LET able to penetrate the
overlayer (approxxmately 28 MeVecm?/mg), the upset rate and
modes may require substantial mitigation to achieve successful
operation. Additionally, the low threshold LET implies a
proton sensitivity that was not investigated. Space-borne rates
could be substantially higher than predicted with heavy ions
alone if proton sensitivity is shown, especially if the devices
are sensitive to direct proton ionization.

C. Honeywell RHrFPGA

Heavy Ion testing was performed at Texas A&M University
Radiation Effects Facility on the Honeywell Radiation-
Hardened re-programmable Field-Programmable Gate Array

(RHIFPGA). Testing characterized the RHIFPGA Single
Event Upset (SEU) sensitivity to verify compliance with its
Soft Error Rate (SER) radiation design requirements. The test
evaluated the FPGA using eight different test programs and
configurations. Seven were optimized for SEU testing to
evaluate specific internal memory elements within the FPGA,
and one test program represented a current RHIFPGA
application. The RHrFPGA test devices did not experience
SEU or other SEE to the maximum available test LET of
174 MeVecm’mg at minimum rated supply voltage (3.0 V)
This rcsult applied to all eight tests for fluences of 1.0x10’
ions/cm’ per test.

Proton testing was performed at Indiana University
Cyclotron Facility. Testing characterized RHrFPGA sensitivity
to proton-induced SEU. The test included six different test
programs and FPGA configurations, which were optimized to
evaluate the RHIFPGA's two unique types of memory
elements. The RHIFPGA test device was irradiated to a proton
fluence of 3.4x10® p/cm® at 203 MeV beam energy,
corresponding to 2.0 Mrad(Si) total dose per device. The test
parts did not exhibit SEU or any other SEE, demonstrating that
the RHIFPGA is essentially immune to proton-induced SEU.
[T090203 RHrFPGA Honeywell]
[1103003_RHrFPGA_Honeywell]

V. SUMMARY

We have presented recent data from SEE on a variety of
mainly commercial devices. It is the authors' recommendation
that this data be used with caution. We also highly recommend
that lot testing be performed on any suspect or commercial
device.
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